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ABSTRACT This work presents two GaN-integrated approaches for continuous inductor current sensing
in half-bridge power converter circuits. The first approach utilizes an integrated drain current mirror on
the low-side and a source current mirror on the high-side, combined via a single transimpedance amplifier
referenced to the switch node. The second method employs integrated shunt resistors on the low-side drain
and high-side source, enabling continuous current sensing through analog summation. Both techniques are
experimentally validated and shown to provide accurate, high-bandwidth current signals suitable for control
and protection. Additionally, the paper offers a comparative review of state-of-the-art GaN current sensing
technologies. Continuous current sensing in GaN half-bridges simplifies the interface and circuitry to external
controllers, while enabling effective control and robust protection of power ICs and converters.

INDEX TERMS Half-bridges, current sensing, GaN ICs, power integrated circuits, sensors.

Current sensing is essential for the control and protection
of switched mode power converters. With ever-increasing
switching frequencies and switching speeds, especially of
gallium nitride (GaN)-based wide bandgap (WBG) power
semiconductor devices and integrated circuits (ICs), there is
a need for high-bandwidth, low-intrusive, dc-capable sensors.
Also, since GaN devices have a low short-circuit withstand
time [1] less than other WBG devices (for example silicon
carbide, SiC), a fast current sensing can also contribute to fast
fault-detection protection of GaN power converters.

Fig. 1 shows a half-bridge as synchronous dc-dc buck
(step-down) converter, a typical switched mode conversion
topology, which consists of a high-side (H) and low-side
(L) transistor and power inductor L. The continuous inductor
current I is switched to either the high-side current IH or low-
side current IL. From the semiconductor device perspective,
assuming both transistors are realized using two equal GaN
power ICs, for example a large-area power transistor with in-
tegrated gate driver and sensors, during high-side conduction

the high-side source or drain current is equal and have same
sign like the inductor current ID/S,H = I . During low-side
conduction however, the low-side source or drain current is
inverted ID/S,L = −I . This can also be understood because,
for example, if in continuous conduction mode the inductor
current is always positive (I > 0) then the high-side transis-
tor conducts in the first-quadrant (forward mode) while the
low-side transistor conducts in third-quadrant (reverse mode
if turned on, or diode-like mode if kept off). Even though
there are special topologies and control strategies, like for
example three-phase motor control using only low-side source
current sensing [2], in general the continuous inductor current
measurement is often desired for control and protection of
the power converter. For example, advantages of continuous
current sensing in three-phase motor applications, according
to the comparison of current sensor placement in [3], are that
it allows to average the measured current over one PWM
cycle for higher accuracy and speed of the controller, and that
it allows to detect phase-to-phase and phase-to-GND shorts.
Furthermore, for fast-switching (>1 MHz) converters, a
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FIGURE 1. The continuous half-bridge current I in half-bridges is switched
to the high (H) and low (L) transistors’ drain (D) or source (S) currents
IS/D,H/L.

continuous current sensing enables a simplified average cur-
rent control on a slower timescale, which is more difficult with
only one piecewise switched sensing signal, where a variable
duty cycle also affects the average sensor signal, while it is in-
dependent from the duty cycle for a continuous measurement.

Monolithic integration of current sensors in GaN power
ICs allows a non-intrusive measurement, compared to external
shunt resistors or Hall sensors, promising also high band-
widths and dc-capability.

Low-side GaN power ICs with integrated low-side current
sensing based on the current mirror (SenseFET or SenseGaN)
are reported since 2015 [4] and now commercialized [5], [6],
[7]. Integrated current sensing based on integrated resistive
metal traces (which is similar to integrating shunt resistors,
but does not increase the on-resistance) has also been demon-
strated [8]. The integrated shunt approach has been already
demonstrated for source and drain side sensing in [8]. Also,
the analog summation of the low-side drain shunt and high-
side source shunt signals referenced to the switch node was
already reported, which yielded a continuous inductor current
sensor signal. The integrated shunt resistor approach is
favorable in medium to high-voltage (e.g. above 100 V...600 V
class) circuits, because the shunt resistor voltage can be lim-
ited to just a few percent (e.g. < 10%) of the drain-source
conduction voltage (for example only 2-4% were used in [8]),
while this still results in well-measurable tens of Millivolts
of sensor voltage. The integrated current mirror approach
on the other hand is favorable also in low voltage (e.g. below
50 V) converters, because it does not rely on low-voltage mea-
surements: Instead, a down-scaled (mirrored) main transistor
current from a parallel sensing transistor is amplified using
a transimpedance amplifier, and with the correct choice of
feedback resistors is possible to converter a very wide current
range (Picoamperes to Microamperes) to well-measurable
hundreds of Millivolts voltage. Fig. 2 shows how both ap-
proaches are implemented in this work for continuous current
sensing.

A. PROBLEM
However, conventional GaN power ICs with SenseFET
(SenseGaN) current sensors typically use source current mir-
rors, where the drain of the main power transistor is internally
connected with the drain of the sense transistor, and the source
of the sense transistor is accessible through an additional pin
of the power IC. To measure the continuous inductor current

FIGURE 2. Overview on integrated current sensing circuits: Piecewise sens-
ing (a, b) and continuous sensing at the switch node (c, d), using integrated
shunt resistors (a, c) or integrated current mirror transistors (b, d).

in a half-bridge using two of such power ICs is not directly
possible, instead, the high-side and low-side conduction cur-
rents are only available as switched, piecewise sensor outputs,
where the low-side source current sensor is referenced to
GND (e.g. DC-) and the high-side source current sensor is ref-
erenced to the switch node VSW. Between these two signals, a
switched common mode voltage from the switching operation
is present, such that (slow) isolation amplifiers or analog level
shifting circuits would be necessary to reconstruct the contin-
uous inductor current. The question arises, how high-side and
low-side current mirroring could be adapted to provide one
continuous inductor current sensor signal.

B. APPROACH
This work’s approach for continuous (in-line) inductor current
sensing is to sense the low-side drain current and high-side
source current of GaN power transistors with integrated cur-
rent mirror transistors, then analogously sum both currents,
and amplify it by just one transimpedance amplifier with an
sensor output voltage referenced to the switch node.

C. CONTRIBUTIONS AND STRUCTURE OF THE
PUBLICATION
This work includes and extends the results from previous
conference publications: The GaN ICs with integrated shunts
are discussed in detail in [8]. The GaN ICs with integrated
senseFETs were previously published in [9]. While [9] only
presented conventional separate source current sensing re-
sults, this work now presents a new GaN-senseFET readout
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FIGURE 3. GaN Power ICs with (a) integrated drain/source current
senseFETs, and (b) integrated drain/source current shunts.

circuit and measurement results for continuous current sens-
ing at the switch node of a half-bridge, summing the mirrored
currents from a high-side source current and low-side drain
current mirror transistor with just one transimpedance ampli-
fier. The novel contribution of this work is the experimental
verification and results on the GaN-senseFET continuous
current measurement in a half-bridge with only one tran-
simpedance amplifier, as well as the experimental readout of
both the drain-side and source-side mirrored currents therefor.

I. METHODS
This work presents measurements of senseFET and shunt
based current sensing with two different GaN power ICs
fabricated in the Fraunhofer IAF GaN-on-Si power device
technology [10], [11], [12]. Fig. 3(a) shows the power ICs
with integrated drain and source (configurable by the external
wiring) senseFETs, and Fig. 3(b) the power ICs with inte-
grated drain and source (also configurable by the external
wiring) shunt resistors.

Summation of three low-side source currents of a GaN-
based monolithic three-phase motor inverter IC were previ-
ously published in [2], and this analog summation principle
is extended in this work now to continuous inductor current
sensing in half-bridges.

In [13], a GaN Power IC which had integrated shunt re-
sistors and an integrated auxiliary transistor with that source
and drain current mirroring is possible was also published, but
only measurement results of the shunt were shown.

The GaN ICs are assembled as half-bridges as shown in
Fig. 3. Details on the selected components and further detail
discussions on the sensor circuits can be found in [8], [9], [13]
and are also used in this paper, if not otherwise denoted.

It should be noted that in this work does not use strong low-
pass filters and instead the natural response of the sensors is
presented. This results in faster response times, however, at
the cost of increased oscillations during switching. For real
applications, the sensor bandwidth can be further reduced to
the application needs. Furthermore, blanking times in current
controllers are typically used to avoid false triggering on the
initial current over/undershoot during switching [14].

FIGURE 4. Schematic (a), comb-structure (b) and chip layout (c) of GaN IC
with drain and source current shunts. ©2019 IEEE. Reprinted, with
permission, from [8].

A. INTEGRATED SHUNT RESISTOR SENSING CIRCUIT
The integrated shunt design is summarized from our previous
conference publication [8]: Fig. 4 shows the schematic (a),
comb-structure (b) and layout (c) of the 3 × 3 mm2 GaN
HEMT and power IC with integrated drain and source current
sense shunts. The shunts are realized by the resistance of the
outermost drain or source metal fingers of the HEMT comb
structure. As stated in [8], the outermost metal finger carries
only around half the current compared to inner fingers, since
no second channel is connected.

The shunt resistance is around 4 m�, part of a 100 m�

large-area GaN HEMT (600 V-class, gate width WG =
191 mm, gate-drain distance LGD = 15 μm) comb structure.
The temperature coefficient of 0.003/K is mainly from the
metal and could be corrected on the circuit level using the
integrated linear temperature sensors of similar temperature
coefficient [15].

The particular design of the thin trace from the shunt to
the readout pad (see Fig. 4(c)) had an unnecessary high se-
ries resistance, and the bond-wires and printed-circuit-board
traces of the half-bridge demonstrator also contribute ad-
ditional external series resistance. In order to compensate
for theses additional and unsymmetrical (different at source
of high-side and drain of low-side) resistances, the ana-
log differential summation circuit in Fig. 5 was used. In
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FIGURE 5. Analog summation circuit with additional parasitic
series-resistance contributions. ©2019 IEEE. Reprinted, with permission,
from [8].

order to get a linear readout voltage proportional to the
sensed inductor current (VM = kIL), a dimensioning accord-
ing to

RH+(INT+EXT)
RL+(INT+EXT)

= RH−
RL− = RSH,S

RSH,D
[8] is required. From the

measured integrated shunt resistance (RSH,L,D = 4.22 m�,
RSH,H,S = 3.86 m�), external series shunt resistance (RP,H =
4.9 m�, RP,L = 10.0 m�) and trace series resistances
(RH+(INT) = 22 �, RL+(INT) = 29 �), the readout compo-
nents were dimensioned as RL+ = 10.77 �, RH− = 10 �,
RL+(EXT) = 34.5 �, RH+(EXT) = 37 �. A low-pass filter ca-
pacitor CLP = 1.1 nF was further used to reduce very high
frequency ringing which results from the almost undamped
shunt circuit. This dimensioning compensates for the unsym-
metrical and additional internal and external resistances and
gives a readout voltage proportional to the inductor current.
Furthermore, the readout voltage VM can be directly read out
using a 50� probe (halving the output voltage compared to a
high impedance probe) or other circuitry.

B. INTEGRATED CURRENT MIRROR SENSING CIRCUIT
The integrated current mirror design is summarized from our
previous conference publication [9]:

Fig. 6 shows the schematic (top) and chip layout (bottom)
of the GaN IC with integrated current mirror transistor. The
GaN power IC (3 × 2.5 mm2 chip size) integrates a 100 V-
class large-area HEMT with comb-structure (gate width WG =
248 mm). The sense transistor is placed close to the outermost
finger of the main power transistor (for thermal coupling)
and has a gate width of WG,SENS = 100 μm. The senseFET
is not connected on-chip with the main transistor, which
allows a flexible external connection in either common-drain
or common-source configurations. The measured current
mirror ratio is N = 2480. An 650 MHz (at a gain of 1V/V),
unity-gain-stable voltage-feedback operational amplifier
(TI OPA659, ±5 V supply) was used as transimpedance
amplifier. This high bandwidth amplifier was chosen so that it

FIGURE 6. Schematic (top) and layout (bottom) of the GaN IC with current
mirror sensors. ©2023 IEEE. Reprinted, with permission, from [9].

FIGURE 7. Conventional (separate) piecewise source current sensing using
integrated current mirrors (Fig 2(b)) during 100 kHz hard-switching.

is not limiting the overall bandwidth of the sensor system. For
real applications, lower-bandwidths and lower-cost amplifiers
might be used. The feedback resistor was dimensioned
as RFB = 720 �, which give a gain of −0.29 V/A. For
stabilization, a 1.65 pF capacitor was placed parallel to the
feedback resistor. The bandwidth, accuracy and noise of the
current readout circuit can be further improved in future using
advanced transimpedance amplifier design methods [16].

II. EXPERIMENTAL RESULTS: INTEGRATED CURRENT
MIRRORS (SENSEFETS)
A. SEPARATE HIGH-SIDE AND LOW-SIDE SOURCE
CURRENT MIRROR SENSING (HARD-SWITCHING)
This subsection is based on the circuit from Fig. 2(b). Fig. 7
shows measured switching waveforms during hard-switching
with a positive current inductor current I (3 A peak and
1.5 A valley) at 100 kHz, 48 V, 50% duty-cycle. The falling
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FIGURE 8. Proposed continuous current sensing using integrated
high-side source and low-side drain current mirrors (Fig 2(d)) during
100 kHz hard-switching.

FIGURE 9. Settling within 400 ns during hard-switching using proposed
continuous current sensing (Fig 2(d)). Zoom into Fig 8.

switch-node voltage (VSW transition is a resonant transition,
and the rising one a hard-switched transition. The output
of the high-side and low-side transimpedance amplifiers are
measured with optically isolated voltage probes. It is clearly
visible that the low-side senseFET amplifier only tracks the in-
ductor current if the low-side transistor is on, and the high-side
senseFET amplifier if the high-side transistor is on. During the
transition, the sensor output changes rapidly to and from zero.

B. CONTINUOUS CURRENT MIRROR SENSING,
COMBINING HIGH-SIDE SOURCE AND LOW-SIDE DRAIN
CURRENT MIRRORS (HARD-SWITCHING)
This subsection is based on the circuit from Fig. 2(d). Now,
the GaN power IC is wired such that the low-side drain
current senseFET and high-side source current senseFET
are connected together to just one transimpedance amplifier,
referenced to the switch-node. Fig. 8 shows the measured
switching waveforms for the same operation point as before.
The transimpedance amplifier now outputs a voltage which
is a scaled version of the continuous inductor current. Due
to the sufficient matching of the current mirror ratios of the
different ICs (discussed in [9]), the scaling during the high-
side and low-side conduction phases is well matched. During
switching transitions, the output voltage distortion is further
investigated: Fig. 9 shows a zoom into Fig. 8. The first switch-
node voltage transition was a resonant transition, and thus
slower transition. This causes less distortion and oscillations,
such that the sensor output is stable around 100 ns after the
start of the switching. It should be mentioned that 50 ns dead-
times were used, which are part of the highlighted time ranges.
The second switching transition is hard-switching. Here, the

FIGURE 10. Proposed continuous current sensing using integrated
high-side source and low-side drain current mirrors (Fig 2(d)) during
100 kHz soft-switching.

FIGURE 11. Settling within 100 ns during soft-switching using proposed
continuous current sensing (Fig 2(d)). Zoom into Fig 10.

fast switch-node voltage transition caused voltage and cur-
rent oscillations in the power-loop, which are also amplified
by the transimpedance amplifier. The sensor signal settled
around 400 ns after hard-switching transitions. It should be
mentioned that the cause of this oscillations is partly from
the power-loop inductance, which causes a real oscillation in
the power loop (which should be also represented by an ideal
sense amplifier).

C. CONTINUOUS CURRENT MIRROR SENSING,
COMBINING HIGH-SIDE SOURCE AND LOW-SIDE DRAIN
CURRENT MIRRORS (SOFT-SWITCHING)
This subsection is based on the circuit from Fig. 2(d). Now,
the circuit is reconfigured for a triangular and bipolar inductor
current (±3 A) to have only soft-switching. Fig. 10 show the
switch-node voltage and inductor current for this experiment,
and the sense amplifier output: Fig. 11 shows that the sen-
sor output now settles within 100 ns after both switch-node
voltage transitions. This experiment shows, that the senseFET
amplifier approach is capable of tracking forward (1st quad-
rant) and reverse (3rd quadrant) conduction current of both
the high-side and low-side transistors, and summing them to a
continuous sensor signal.

III. EXPERIMENTAL RESULTS: INTEGRATED SHUNT
A. SEPARATE INTEGRATED SHUNT CURRENT SENSING
(HARD-SWITCHING)
This subsection is based on the circuit from Fig. 2(a). For the
sake of completeness, this paper also presents the measure-
ments results for integrated shunt sensing, previously reported
in [8].
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FIGURE 12. Conventional (separate) piecewise shunt current sensing
using integrated resistive traces of the finger structure during
hard-switching (multi pulse test at 1 MHz). Measured shunt voltage VSH

(without amplifiers) from top to bottom: Low-side drain current (as used
in Fig. 2(c)), low-side source current (as used in Fig. 2(a)), high-side drain
current, high-side source current (as used in Fig. 2(a)+(c)).

First, all four shunts (drain/source and high/low-side) were
measured during hard-switching multi-pulse tests. Fig. 12
shows the directly measured shunt voltages VSH,H/L,S/D at an
inductor current of around 4 A. The negative sign of induc-
tor current is due to the nature of the double pulse test and
consistent with the current direction denoted in Fig. 2.

First, it is observed that the absolute shunt voltage is just
a few Millivolts. This is because the metal trace used for the
integrated shunt is less than 4% of the overall drain-source
resistance during conduction phases. This makes the readout
of the shunt voltages difficult, especially in the presence of
high switched common-mode voltages as in typical power
applications. The shunt voltages can be further amplified with
differential amplifiers as shown in Fig. 2(a)+(c). Even though
the amplified signal might be low-pass filtered, still, the sensor
signal is qualitatively much more noisy than the senseFET
results. Since the direct measurement of the shunt without
amplifiers is not inherently bandwidth limited, a settling after
around 100 ns is observed. The shunt approach should inher-
ently yield higher bandwidth, but at the same time requires
low-noise amplification with a high common mode rejection.

B. CONTINUOUS INTEGRATED SHUNT CURRENT SENSING
(HARD-SWITCHING)
This subsection is based on the circuit from Fig. 2(c). Shunt-
based current sensing is possible both at the drain and source
side. Thus, a continuous inductor current can be reconstructed
at the switch node by analog summation of both shunt
voltages. An analog and passive summation circuit without
amplifiers was presented and discussed in [8]. Fig. 13 shows
the summed shunt voltages during a multi pulse test. At high

FIGURE 13. Continuous current sensing using integrated high-side source
and low-side drain shunt resistors (similar to Fig 2(c), without amplifier)
during hard-switching (multi pulse test at 1 MHz). The peaks of the
oscillations are around +20/−14 mV. Data from [8].

FIGURE 14. Settling during hard-switching (multi pulse test) using
continuous shunt-based current sensing (similar to Fig 2(c), without
amplifier). Data from [8]. Zoom into Fig 13.

inductor currents, it is clearly visible that the observed high-
frequency oscillation is an expected behavior, since it is the
amplification of the real oscillation in the power loop (also
visible in voltage oscillations during the high-state of VSW).
The resulting summed shunt voltages can be further amplified
by differential amplifiers as shown in Fig. 2(c).

Fig. 14 shows a zoom during a hard-switching and soft-
switching transition: In both cases the summed shunt voltages
settle within around 150 ns after the switching started. This
is slower than the settling time of the separate shunt measure-
ments. This can be explained, because the analog summation
connects two shunt resistors which collect the oscillations
from both. while the high-side source and low-side drain of
the power transistors are electrically connected in half-bridge,
there sill exists some parasitic inductance and interconnection
resistance between both (the high-side and low-side) transis-
tors, especially in discrete half-bridges as analyzed in this
work. It is possible to measure the shunt voltage with respect
to a dedicated source-sense (or drain-sense) terminal. In this
case, the differential amplifier circuit in Fig. 2(c) can be used
to sum up only the shunt voltages but not voltage drops across
external interconnections.

IV. RELATED WORK ON GAN CURRENT SENSING
Table 1 compares GaN-based current sensing approaches of
this work with related and previous works, and compares
reported key performance metrics. In the following of this
chapter, these and further relevant aspects are reviewed in
more detail.
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TABLE 1. Comparison of Current-Sensing Approaches and Key Performance Metrics from Prior Work and This Work. (SF = senseFET, SH = shunt)

In addition to reviews on fast current sensing techniques
[17], [18], [19], [20], this work provides an additional discus-
sion with a focus on GaN-integrated and GaN-related current
sensing.

While this work and [13], [21] investigated GaN sense-
FETs, in Si/GaN cascode power transistors, it is also possible
to sense the current at a low-voltage Si transistor [22].

Other classes of GaN-based current sensing are based on
magnetic or electric field methods [23], [24], [25], [26], [27],
[28], or miniature [29] or transmission line [30] Rogowski
coils.

Instead of direct current measurement, the indirect ap-
proach using drain-source voltage sensing and assuming a
known linear on-resistance was reported in [31].

A. APPLICATIONS OF GAN-INTEGRATED CURRENT
SENSING
GaN-integrated current sensing was already demonstrate for
several applications: A monolithic three-phase motor inverter
GaN IC [2] and an intelligent power module (IPM) [32] and a
power factor correction (PFC) circuit [33].

For flyback converters, such as used in 65 W USB
adapter, low-side current sensing with senseFETs is already
widespread. For example, [21] reports on a two-chip solution,
where a Si-based amplifier and GaN-based low-side transis-
tor (most probably with integrated senseFET) are co-packed
into a 5 × 6 mm2 PDFN package. Another benefit of the
senseFET-integrated IC is that the package can be soldered
to a large and uncut ground plate, compared to external sense
resistors, improving the thermal performance and thus effi-
ciency of compact power adapters [7].

Integrated overcurrent protection was demonstrated based
on different approaches: Desaturation detection (drain voltage
measurement) [34], [35], [36], [37], [38], senseFETs with a
load resistor instead of a transimpedance amplifier [39], low-
voltage Si MOSFET sensing in Si/GaN cascodes [40], [41],
and based on gate-source voltage measurement in GaN gate
injection transistors (GiT) [42].

An 48 V-to-intermediate-bus-voltage converter for AI data
centers is shown in [43], using a GaN power stage, and
temperature compensated Si CMOS circuitry with Si current
mirrors for continuous inductor current reconstruction. DC-
DC half-bridge converter closed-loop control: [44] uses an
external shunt resistor for feedback to a monolithic GaN IC
with integrated control loop operating a buck converter at
400 V. In [45], a series-capacitor monolithic buck converter

(half-bridge with control and drivers in one IC) is operated at
400 V with monolithic zero current detection. [46] used GaN
senseFETs to control a boost converter.

B. ISOLATED CURRENT SENSING
[47] proposed to add a transformer into the senseFET source
path, in order to transmit the AC-component of the sense-
FET current to another reference voltage. This allows to
galvanically isolate the high-side sensor from a low-side
readout circuit. [48] shows a fast transformer-based current
sensing method with isolation using a sense resistor or the
on-resistance of GaN devices.

Instead of isolation, there exist current mirror circuit ex-
tensions for high-to-low signal level shifting. In silicon ICs,
p-channel MOSFETs are often used for this level shifting
[49], however, with only n-channel GaN HEMTs there is no
direct counterpart of these level shifting circuits. Since only
one level shifter is required, a solution could be to reference
the controller to the DC+ dc-link voltage, and use n-channel
transistors to shift the low-side source senseFET sensor signal
to DC+ and to then sum it with a high-side drain senseFET
sensor signal to a continuous inductor current sensor signal
referenced to DC+ (instead of the switch-node, as demon-
strated in this work).

C. CONTINUOUS CURRENT SENSING
A continuously present inductor current information is
achieved in [33] using two low-side drain current mirrors in a
bridgeless totem-pole PFC converter. The continuous current
in [33] can be reconstructed only because of the full-bridge
(bridgeless totem-pole) topology, where the used modulation
strategy ensures that the continuous inductor current is flow-
ing trough one of the two low-side devices at any time. A
hysteretic current mode control is realized in [33] by com-
paring the sensed signal to a digitally controllable reference
signal using fast comparators. The working principle in [33]
is different from the conventional transimpedance amplifier
circuit discussed in this work.

Using transformer-based isolation of high-side senseFETs
in [47] and non-isolated low-side senseFETs, a quasi-
continuous current signal is reconstructed. Because the analog
isolation using a transformer of the high-side senseFET sig-
nal has lower bandwidth than the directly measured low-side
senseFET signal, the sum of both signals is distorted for
around 1 μs after switching transitions.
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In [43] the continuous inductor current of a GaN half-
bridge is reconstructed using current mirrors, however, with
a Si-based senseFETs and readout circuitry. There exist direct
current resistance (DCR) current sensing methods to track the
continuous inductor current. However, DCR-methods rely on
the dc resistance of the inductor and are not GaN-specific,
thus, out of the scope of this work.

D. IDEAL LOCATION OF SENSEFET AND SHUNT WITHIN
GAN IC
This work placed the senseFET at the outermost position (first
or last finger) of a multi-finger power device, similar to [50],
[51]. This placement has the benefit of simple on-chip wiring
without having to cross the main power transistor high-current
traces. The chip temperature due to losses of the power IC
is lowest (and thus below the average junction temperature)
close to the edges. Also, since a single finger as senseFET
has a slightly different current distributions compared to all
other fingers in a symmetrical interdigitated multi-finger lay-
out (where each metal finger carries current from two channel
regions), there exist improved locations and connections for
the senseFETs:

In [33], the senseFET is placed in the center of the multi-
finger power device to improve matching across operating
conditions. While [33] uses low-side drain current mirroring
(with on-chip connected source terminals), the method can
directly be applied also to source or high-side mirroring as
discussed in this work. [52] also discusses (in addition to
common-drain and common-source sensing) the beneficial
placement of senseFETs in the center of the IC. Furthermore,
[53] discusses also the importance of the gate pad location for
overcurrent protection in case of short circuits.

In [54], the non-uniform temperature distribution of multi-
finger HEMT structures is investigated and it proposed to use
the sum of two or three (instead of one) senseFETs’ mirror
currents (geometrically distributed across the device), to re-
duced the sensing error from 3.2% to 0.8%. Since senseFETs
are evaluated current driven with transimpedance amplifiers,
the summation of the individual senseFET currents is easily
achieved by connecting all senseFET sources before con-
necting them to the amplifier (similar to the high/low-side
summation in this work). While [54] investigates conventional
common-drain connected sense and main transistor for source
current sensing, the method can directly be applied to this
work’s common-source connected drain current sensing.

This discussion of the location of current sensing is equally
applicable to the integrated shunt [8], since the current dis-
tribution and temperature of large-area low-resistance multi-
finger structures is inhomogeneous [55].

In [56], floating ohmic contacts are inserted between the
source and gate terminals, which also enabled current sensing
with stable current sensing ratios.

E. CURRENT SENSE AMPLIFIER CIRCUITS
GaN-integrated amplifiers suitable for amplifying the sensor
signals are discussed in [9], [10], [52], [53], [57], [58] and a

GaN-based auto-zero comparator for decision making based
on sensor signal in [59].

The peak current mode control of a GaN HEMT in a
floating buck converter with integrated differential amplifier,
comparator and gate drivers is demonstrated in [60].

Instead of transimpedance amplifiers which aim to track
the sensed current in a continuous way, [52] proposed to use
a fast GaN-integrate comparator in a common-drain source
current mirror instead, and to adjust the reference voltage
of the comparator using a digital control system, which was
called comparator-based senseHEMT current sensing in [52].
This comparator approach is beneficial if only an adjustable
peak/valley compare value is required by the control.

F. INTRUSIVE CURRENT SENSING
The senseFET and integrated shunt enables non-intrusive
measurements. Even though senseFETs are paralleled to the
power transistor as additional (discrete or monolithic) devices,
they are still considered non-intrusive because the initial and
ideally low-inductive power loop is not modified. There exist
other (low)-intrusive measurement principles: Typical a cur-
rent sensing circuit classified as intrusive if a sensor element
has to be inserted into the power loop, for example by adding
an external series-connected shunt resistor or Hall sensor. The
monolithic integration of Hall sensing structures into GaN de-
vices is discussed in [24], [27]. From the perspective of WBG
power circuits, even Rogowski-coil based circuits where a
current conducting trace does not have to be cut but still
an external bulky sensor is required, increasing the parasitic
power loop inductance, can be classified as intrusive.

G. CURRENT SENSING IN OTHER WBG POWER DEVICES
The senseFET approach is also applicable to vertical devices,
however typically with one more constraint compared to this
work: Vertical n-type GaN CAVETs or vertical n-type SiC
MOSFETs have the drain terminal on the complete chip
backside, thus, this limits the senseFET approach to source
current sensing. In [61], a vertical main power GaN CAVET
and smaller senseCAVET were integrated as vertical devices,
together with a lateral GaN HEMT based driver stage. [61]
demonstrated the senseFET based current sensing of GaN
CAVETs.

For n-channel vertical GaN FinFETs [62], [63], a common-
drain source current sensing should also be possible

Likewise, for vertical n-type SiC power transistors (typi-
cally MOSFETs), senseFETs with common-drain for source
current sensing were previously reported either all-SiC in-
tegrated [64], [65], [66], partly with additionally integrated
sense resistors [67] as an alternative to the virtual ground
transimpedance readout circuit, or a parallel Si senseFET [68].

V. CONCLUSION
This work has demonstrated and compared two approaches
for continuous inductor current sensing in GaN half-bridge
power ICs: One based on integrated current mirror (senseFET)
transistors and the other on integrated shunt resistors. Both
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methods achieve a continuous current measurement signal
referenced to the switch node, using a single analog summa-
tion and amplification circuit. Experimental results confirm
that the current mirror-based sensing enables fast, reasonable
low-noise, and continuous tracking of the inductor current
during both hard- and soft-switching conditions, while the
shunt-based approach, though inherently higher in bandwidth,
requires more careful amplification due to small signal levels
and higher noise. These integrated sensing methods simplify
the external interface to controllers, enable precise control
and fast protection, and pave the way for more compact and
reliable GaN-based power electronics systems.
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